The control of exposure to welding fumes is increasing importance in promoting a healthy, safe and productive work environment. This study is a case-control design, random study was conducted among welder (56 subjects) and non welder (39 subjects) with more than 1 years experience in the same job task in an automotive parts manufactory within the industrial area at Cikarang in 2013. All subjects were completed physical examination, informed consent and questionnaire. Blood heavy metals were determined by Inductively-Coupled Plasma Mass Spectrometry (ICP-MS). Whole blood iron, manganese, chromium and lead in welder were higher than non-welder, but not different for aluminum, nickel and cadmium. In welder, chromium and manganese correlated with smoking status, cadmium correlated with age and smoking status. In multivariate analysis, wholeblood cadmium correlates with age and smoking status.
Introduction
Welding is a common process used to join metals by heating them to welding temperature by heating them to welding temperature [1] . Welding processes produce hazardous agents including fumes, gases, vapors, heat, noise and ultraviolet and infrared radiation. The fumes generated during welding are considered to be the most harmful compared with other byproducts of welding. Welding fumes consist of metal oxide particles and gases that are formed during welding. The particles are small enough to become and remain airborne and are easily inhaled. Although it is almost impossible to consume enough iron oxide to cause a toxic effect [2] , steel contains alloying elements that, in their pure forms, could be hazardous to the worker's health. Welding fumes can induce adverse health effects, such as neurological [3] and respiratory problems [1, 4] . The National Institute of Occupational Safety and Health (NIOSH) concluded that there is an elevated risk of lung cancer among welders that cannot be completely accounted for by smoking or asbestos exposure [5] . More recent papers also support the view that welding fumes could increase the risk of lung cancer [6, 7] . Post exposure to welding fumes (including inhalation and dermal absorption) could be reflected by their levels in biological fluids; nevertheless, their presence does not by itself mean causing diseases or adverse effects [8] . In order to evaluate a possible exposure to organic and inorganic contaminants blood is commonly employed in human biomonitoring, nevertheless it does not trace the bio-accumulated chemicals [9] . Human biomonitoring is defined as the direct measurement of people's exposure to environmental contaminants by measuring substances or their metabolites in blood, urine, or other specimens. The great strength of bio-monitoring is that it provides unequivocal evidence that both exposure and uptake have taken place [8] . At present, many bio-monitoring investigations have been conducted at international level in population-based surveys designed as a basis for protecting public health [10] .
Blood and urine samples are the most widely used and accepted matrices for bio-monitoring heavy metal exposure in occupational and environmental toxicology. Blood has the undeniable advantage that it is in contact with all tissues and in equilibrium with organs and tissues. Therefore, it has been used extensively for various research and survey goals. However, blood sampling is an invasive procedure and suffers from ethical and practical constraints, particularly for small children or other susceptible populations [11] .
In this study, a human bio-monitoring program was carried out on the levels of iron, manganese, chromium, cadmium, nickel and lead in blood of welder and non welder. Blood was previously acid lysed and the elements were all quantified by means of inductively coupled plasma mass spectrometry (ICP-MS). This paper presents and discusses the outcome of this study.
Material and Methods

Population study
This case-control design, random study was conducted among welder (56 subjects) and non welder (39 subject) with more than 1 years experience in the same job-task in an automotive parts manufactory within the industrial area at Cikarang in the end 2013. The participating subjects were all welder who were willing to participate in the study which meet the inclusion criteria and non-welder from the same factory.
The inclusion criteria were: (1) welder aged between 18-55 years; (2) agreed to undergo bio-monitoring test, and (3) agreed to fill the informed consent form. The data collected consisted of structured interview with questionnaire to inquire several information, such as bio-data, smoking status and date of birth. Local ethic committee of Faculty of Medicine, Universitas Indonesia has approved the study protocol and gave permission to perform this study.
Biological sample collection, sample treatment, and analysis
After the interview, a blood sample of at least 3 mL was also obtained from each subject (Vacuette Blod Collection Needle, 38 × 0.9 mm, and Vacuette EDTA Tube 3 mL, Greiner Bio-One, Germany). Biological samples were transported in a portable cooler (2-8 o C) to Prodia Occupational and Environmental Health Laboratory, Jln Kramat Raya No53 Jakarta, and frozen at -30 o C before analysis. Complete analysis of the biological samples was performed by inductively-coupled plasma mass spectrometry.
Instrumentation
Throughout the following study, an Agilent 7700s with an integrated sample introduction system for discrete sampling (ISIS-DS) and helium collision mode were used. The instrument was equipped with MassHunter Workstation Revision B.01.01 for instrument control and data handling software. The ICP-MS was operated with Ni sampler and skimmer cones, MicroMist glass concentric nebulizer and quartz Scott-type spray chamber.
Reagents
Plasma torch argon purity was higher than 99.99% (Linde Gas, Jakarta, Indonesia). Water was purified with Mili-Q D1 water (Merck Millipore, Darmstadt, Germany). Trace-Select® nitric acid >69% (Fluka, ST. Louis, USA), triton-X and multi-element standard solution (30 elements) (Merck, Darmstadt, Germany). The diluent solution used in this method is 1:1 an aqueous solution of 0.1% triton-X 100 and nitric acid 0.4%. Diluent solution will be used in the preparation of all calibrators and samples during the dilution process just prior to analysis.
Sample preparation
Method for sample preparation according Goull et al [13] , with modification. Briefly, frozen whole bloods were thawed at room temperature ± 1 hour. After homogenization, 150 μL whole blood was diluted 1: 20 with diluent solution up to 3000 μL, and homogenized. The limit of detection was 364.77 μg/L for iron, 0.46 μg/L for manganese, 0.05 μg/L for chromium, 3.12 μg/L for aluminum, 0.19 μg/L for nickel, 0.05 μg/L for cadmium and 0.18 μg/L for lead, respectively.
Statistical analysis
Normality of data distribution was tested with the SmirnovKolmogorov test. The differences in quantitative variables were tested with the parametric t test or Mann-Whitney as alternative test, depending on whether the data were normally distributed or not. The non-parametric Spearman rank correlation test was used to investigate the relationship between concentrations of iron, manganese, chromium, aluminum, nickel, cadmium, lead, age, years in employment and smoking status in welder. Correlations with a Spearman correlation coefficient (ρ) higher than 0.600 were considered strong and those with a Spearman correlation coefficient ranging from 0.300 to 0.599 were considered medium [12] . Statistical analyses were performed with SPSS, version 11.5. In all statistical analyses, two-sided P values of 0.05 were considered significant.
Results
The general characteristics of the studied population are summarized in Table 1 . In total, 95 subjects were involved in this study. The average of age of the welder group was significantly lower than non-welder group. Persentage of male and working period (<5 years) of welder group were higher than non-welder group.
The distribution of iron, manganese, chromium, aluminum, nickel, cadmium and lead in whole blood in our study population is shown in Table 2 . Because values did not follow a normal distribution the medians and ranges of the data for each element are presented. Whole-blood iron, manganese, chromium and lead were higher in welder group than non welder group. Iron, manganese, chromium and lead were different significanly. Table 4 shows multiple linear regression analyses for cadmium wholeblood level (log transformed), adjusted for age and smoking status. The latter covariate entered into models only when a statistically significant correlation was found in the bivariate analyses (Table 3) .
Discussion
Human biological monitoring has become an important tool in environmental and occupational health for the assessment of internal exposure to harmful substances and to evaluate temporal changes in populations exposed to a defined environmental contaminant [14] . Biomonitoring has become increasingly important for the establishment of occupational and environmental limits of exposure of metal ions and has contributed to reduce exposure and to prevent adverse health effects [15] . This study has assessed the usefulness of less invasive biological samples, using blood, for biomonitoring the internal dose of individuals occupationally exposed to heavy metals. The simultaneous biomonitoring of iron, manganese, chromium, aluminum, cadmium and led in wholeblood using ICPMS, because some toxic metals have trace quantity [13] .
Wholeblood Iron, manganese, chromium and lead level in welder were higher than non welder. These findings are consistent with the composition of welding rod. Iron level welder is higher than non welder, unfortunately no guidelines of reference value and biological matrices for iron biomonitoring. Iron level was not correlated with age, smoking status and working period. Iron deposition in the lung and airway associate with tissue injury and fibrosis. Iron is one of the source for oxidative stress in the lung [16] . Free iron in the lung exerts toxic effects through its ability to catalyse highly reactive hydroxyl radicals from less reactive superoxide and hydrogen peroxide via the Fenton and HaberWeiss reaction, and/or through its ability to stimulate fibrogenesis [17] .
In our study, however, the median of wholeblood manganese level of 17.52 μg/L in welder and 8.66 μg/L in non welder. based on reference [18] , 28 subjects in welder group (50.0%) have wholeblood manganese level higher than 14 μg/L; and 8 sujects (20.5%) in non-welder, respectively. Wholeblood manganese level may reflect the total body burden of manganese, which accumulate over the years of welding practice, one would expect to see a higher wholeblood manganese concentration in welders with a longer employment history. Data presented in this report, revealed that wholeblood manganese levels were not significantly associated with working period. The lack of such an association is not unexpected because a discrepancy between blood half life (t1/2) and tissue t1/2 of manganese has been documented in several studies [19, 20] . The intracellular distribution and tight tissue binding of manganese likely contribute to the difference between blood and tissue t1/2. Wholeblood manganese level correlated with smoking status. In Indonesia, manganese cigarrette level has not been published, but in another country, manganese level is very high, 90.28-106.23 mg/kg [21] .
Wholeblood chromium level in welder 1.67 (0.38 -6.35) ug/L is higher than non welder 1.07 (0. 04 -5.92 ). This finding is consistent with earlier study [15] . The chromium level was measured as total chromium, because we did not use speciation ICPMS technique. Wholeblood chromium level correlated with smoking status. Another study determines heavy metals in cigarrette, including chromium with geometric mean 2.35 μg/g cigarrette *22+. Chromium is a polyvalent metal, in the body chromium has 2 oxidation number, 3+ and 6+. Chromium 3+ occurs in trace amounts in foods and waters, and appears to be benign. Chromium deficiency, involving a lack of Chromium 3+ in the body, or may some complex of it, such as glucose tolerance factor is controversial, or is at least extremely rare. However, other reviews have regarded it as an essential trace element in humans [23] . In contrast, chromium Cr 6+ is very toxic and mutagenic substance [24] . Determination chromium 6+ in welder is more useful in welder biomonitoring.
Wholeblood aluminum and nickel in welder did not significant differented than non welder. Aluminum level in wholeblood was influenced by antacid consumption [25] . In another study, serum also was used as biomatrix with lack correlation [26] . Total body burden of aluminum in healthy individuals is 30-50 mg, approximately 50% of the body burden is in the skeleton and 25% is in the lungs. Aluminum can be measured in the blood, bone, urine, and feces, but there are insufficient data to relate aluminum exposure levels with blood or urine levels. Aluminum measured in feces cannot be used to estimate absorption [27] . In humans, about 20-35% of inhaled nickel deposited in the lungs is absorbed into the bloodstream. Nickel is not metabolized and absorbed nickel is eliminated via urine. ATSDR recommend serum or urine as biological matrix in biomonitoring program [28] .
In welding process, paint is the source of lead and cadmium. In our study, wholeblood cadmium level have a higher tendency in nonwelder. 2 person of non-welder have higher cadmium level than 5µg/L *29+ with smoking status more than 12 cigarette per day. Consistent with earlier study, increasing wholeblood cadmium level significantly correlated with age [30] and smoking status [31, 32] . Wholeblood lead level in welder is higher 45.12 (25.39 -99.75) than non welder (37.97 (18.82 -76.51). Age, smoking status and working period not correlated with blood lead level.
In biomonitoring program, heavy metal determination is very useful as biomarker of exposure and ICPMS accommodate this program. Smoking status, working period, food intact and type of biological matrix must be considered.
Conclusion
Our data indicate that heavy metal determination in blood, can be used for biomonitoring program in worker expose to welding fumes. in our preliminary study, we not have any welding air data in manufacturing area, and can not conducted the correlation between biomonitoring data and source of exposure. However, more research is needed to ascertain whether or not these matrix offer definitive advantages.
